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钌苯配合物的立体化学及其应用初探                                                     摘  要 
摘      要 
“金属苯”被理论推测和成功合成迄今已 20 多年，厦门大学夏海平教授及
其课题组成功地合成了稳定的钌苯，该络合物为准八面体构型且含有两个单膦配








合 物 [Ru(CHC(PPh3)CHC(PPh3)CH)(C12H8N2)(L/D-SCH2CH(COO)NH2)]Cl(2 3a
和 2-3b)和进行分离提纯，获得 4 种单一手性的光学异构体。综合CD谱、核磁共




Ru, RC)-2-3a、(Ru, RC)-2-3a、(Ru, SC)-2-3b和(Ru, SC)-2-3b。 




























Perliminary Studies on the Stereochemistry and Applications of Ruthenabenzene Complexes             Abstract                    
Abstract 
Metallabenzenes were theoretically predicted and successfully synthesized over 20 years. In 
recent years, Professor Haiping Xia’s group at Xiamen University has made big contributions to the 
synthesis of stable ruthenabenzenes Ru(C5H3)(PPh3)4Cl3, which are octahedral complexes with 
abundant stereochemistry information to be explored. Since the ruthenabenzenes contains two single 
phosphorus ligands, which is similar to a series of well-known ruthenium catalysts with a general 
formula as [RuCl2(PPh3)2(N-N)](N-N = bidentate nitrogen ligands), it is a significant essential for 
its potential applications. In this dissertation, we focus on the investigation of the stereochemistry of 
derived ruthenabenzenes, their applications as chiroptical molecular switches and efficient catalysts 
for transfer hydrogenation of aromatic ketones. The main results are obtained as follows: 
In the chapter 1, the research background, research theme and goals are briefly outlined. A 
general introduction of the concepts on metallabenzenes, chirality and stereochemistry of octahedral 
complexes, preparation and separation of chiral complexes, transfer hydrogenation, chiroptical 
molecular switches and exciton chirality method of circular dichroism(CD) spectra were given. 
In the chapter 2, the complexes of L/D-cysteine and 1,10-phenanthroline(phen) derived 
ruthenabenzenes [Ru(CHC(PPh3)CHC(PPh3)CH)(C12H8N2)(L/D-SCH2CH(COO)NH2)]Cl (2-3a 
and 2-3b) were separated and purified by high-performance liquid chromatography(HPLC) using a 
chiral stationary phase(CSP). As a result, four enantiomeric pure optical isomers were obtained and 
further characterized by CD spectra and NMR analyses. From the computational simulation studies 
of CD spectra basing on the crystal structure of 2-3a, their absolute configurations could be assigned 
as (Ru, RC)-2-3a, (Ru, RC)-2-3a, (Ru, SC)-2-3b, (Ru, SC)-2-3b, respectively. 
ectra. 
In the chapter 3, the reaction of L/D-cysteine with the phen-derived ruthenabenzene was 
real-time tracked by CD spectra and NMR analyses. The influence of concentration of cysteine, 
reaction temperature, illumination condition and way of placement for the reaction were also 
investigated, demonstrating that this reaction system may have application prospect as chiroptical 
molecular switch. 
In the chapter 4, ruthenabenzenes were reacted with new chiral nitrogen-containing tridentate 
ligands designed by our group and ampy [2-(aminomethyl)pyridine] to form two new in situ 
catalytic systems for the transfer hydrogenation of aromatic ketones. Consequentially, these two 
systems can only give high yields for the substrates with substitution of steric bulk alkyl groups. And 
the catalytical activity of in situ condition was much lower than the pure ruthenabenzene system. 
The high concentration of PPh3 would also greatly damage the catalytical activity. 
In the chapter 5, chiral-only-at-metal binuclear ruthenium complex -[Ru(bpy)2(μ-bpym)Ru 
Cl(PPh3)(CHC(PPh3)CHC(PPh3)CH)](PF6)4 was synthesized by reacting the resolved complex - 
cis-[Ru(bpy)2(py)2][dibenzoyl-D-tartrate] with the bridging ligand 2,2’-bipyrimidine and the 
ruthena- benzene, which were then characterized by UV-vis and CD sp
    Finally, conclusion of this dissertation and future research prospect were presented. 
 






















































































































































































































































































































推测上，预言了如图 1-1 中所示的三类金属杂环(其中，L = 含孤对电子的中性配
体，X = 卤素离子)应该存在着离域键并可能显示出一些芳香性。他们认为，六元
















M = Mn, Re                    M = Co, Rh, Ir                  M = Co, Rh, Ir
L = 中性配体, X= 卤素离子  
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图 1-2 “一锅煮”法简便合成钌苯的两种途径 
上述稳定金属苯的获取为金属苯及其衍生物的性质和应用研究打下了良好基
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